Function of the major synthetase subdomains of carbamyl-phosphate synthetase.
The amidotransferase domain (GLNase) of mammalian carbamyl-phosphate synthetase II hydrolyzes glutamine and transfers ammonia to the synthetase domain where carbamyl phosphate is formed in a three-step reaction sequence. The synthetase domain consists of two homologous subdomains, CPS.A and CPS.B. Recent studies suggest that CPS.A catalyzes the initial ATP dependent-activation of bicarbonate, whereas CPS.B uses a second ATP to form carbamyl phosphate. To establish the function of these substructural elements, we have cloned and expressed the mammalian protein and its subdomains in Escherichia coli. Recombinant CPSase (GLNase-CPS.A-CPS.B) was found to be fully functional. Two other proteins were made; the first consisted of only GLNase and CPS.A, whereas the second lacked CPS.A and had the GLNase domain fused directly to CPS.B. Remarkably, both proteins catalyzed the entire series of reactions involved in glutamine-dependent carbamyl phosphate synthesis. The stoichiometry, like that of the native enzyme, was 2 mol of ATP utilized per mol of carbamyl phosphate formed. GLN-CPS.B is allosterically regulated, whereas GLN-CPS.A was insensitive to effectors, a result consistent with evidence showing that allosteric effectors bind to CPS.B. These properties are not peculiar to the mammalian protein, because the separately cloned CPS.A subdomain of the E. coli enzyme was also found to catalyze carbamyl phosphate synthesis. Gel filtration chromatography and chemical cross-linking studies showed that these molecules are dimers, a structural organization that may be a prerequisite for the overall reaction. Thus, the homologous CPS.A and CPS.B subdomains are functionally equivalent, although in the native enzyme they may have different functions resulting from their juxtaposition relative to the other components in the complex.